The oxygen and hydrogen atoms co-adsorption experiment on Pd(111) is modelled using kinetic Monte Carlo method. We consider O-O, H-H, and O-H interactions and several kinetic processes (diffusion, surface and subsurface H-atoms exchange and water-formation reaction) leading to the phase transition (2×2) O → ( √ 3× √ 3) O with increase in H-coverage. We also demonstrate how reverse phase transition (
Introduction
The studies of O-and H-atoms co-adsorption on transition metal surfaces are stimulated by their importance for heterogeneous catalysis, corrosion and even phase transition physics. Adsorbed H-atoms can drastically change the structure and properties of oxidized surfaces. Hydrogen adsorbed on oxidized Pd(111) enhances the diffusion of O-atoms and leads to structural phase transition (2 × 2) O → ( √ 3 × √ 3) O . This phase transition occurs [1] 
Kinetic processes and results
For our simulations we use the pair algorithm approach [3] , since the model contains bimolecular steps, e.g., diffusion and reaction. The main idea of the algo-rithm is to consider two nearest neighbor (NN) sites simultaneously and account for all possible processes that might occur on this pair of sites. The processes considered in our simulation on a hexagonal lattice of 48 × 48 Pd atoms are O and H diffusion via NN fcc adsorption sites, H dissolution to subsurface and segregation back to the surface, as well as the reaction between O and H in the NN sites. = −6.4 meV taken for stability of the (2 × 2) O structure) atoms [3] . We obtained H-coverage by distributing H-atoms on the surface fcc sites, thus avoiding extra parameters, needed when c H is obtained from the ratio of adsorption and desorption rates. Let us note that the rates (in activated form) of H dissolution to subsurface k ↓ and segregation back to the surface k ↑ are chosen to be more or less When the phase ( √ 3 × √ 3) O is achieved, the uptake of hydrogen is terminated in experiment [1] . Assuming the system with c H = 0.6 (as in Fig. 1b ) and increasing temperature, we have found a relative increase in k ↓ (see Fig. 2a ). At 205 K when k ↓ /k ↑ = 1.25, it causes the reverse transition (
due to a slight H dissolution to subsurface (see T -dependence of surface c H and behavior of corresponding CF in Fig. 2 ). This transition is not affected by the water-formation reaction which starts to be important only above 220 K [1] . Therefore, we had to choose the reaction rate k r = k . This is the rate given for the first reaction step (O + H → OH) which is known [4] to be rate limiting. We also assumed the infinite rate for the second step of reaction. To compare, the parameter values E In this case it is also possible to obtain the reverse phase transition due to hydrogen dissolution to subsurface. We also observe disappearance of oxygen islands due to water-formation reaction. Both these processes are experimentally found in the limits of a very narrow temperature range (200-220 K).
